We present the supersymmetric standard model three-loop β-functions for gauge and Yukawa couplings and consider the effect of three-loop corrections on the standard running coupling analyses.
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For the anomalous dimensions of the chiral superfields we have at one loop:
(1) t = 2T − 
and at two loops [5] 
The three loop results are:
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where κ = 6ζ(3), and Ξ = n g (30 − 6κ) g 
In terms of the anomalous dimensions, the Yukawa β-functions are:
In the approximation that we retain only α 3 and the t-quark Yukawa coupling y t then we have (for n g = 3): 
We see that for values of y t in the neighbourhood of or greater than the one-loop QFP (which corresponds to y t ≈ 1) we have β
y t < 0 and β
y t > 0. We may therefore expect that where three loop contributions are not completely negligible they will tend to cancel the two loop contributions. We will see examples of this behaviour presently. For small tan β, QFP behaviour is of interest because there is a large domain of possible values of y t (M G ) that lead to the same value of y t (M Z ). (For a recent discussion, see Ref. [6] .) It is important, however, to consider to what extent this domain is restricted by the requirement of perturbative believability. Setting g 3 = 0 above, we see that
| ≈ 1 for y t ≈ 4.9. So since the QFP corresponds to y t ≈ 1.1, we may expect there to be a good sized domain available for y t (M G ) such that we have both perturbative believability and approach to the QFP at low energies. This is illustrated in Figure 1 , where (with m pole t = 175GeV, and using the complete β-functions, not the Eq. (12) approximations) we plot y t (M G ) against y t (M Z ), for values close to the QFP. The breakdown of perturbation theory at y t (M G ) ≈ 6 is clearly seen.
In our running analysis we take the effective field theory to be the SSM for all scales between M Z and M G : see Ref. [7] for a discussion of this procedure. A reason to prefer this to the traditional stepwise method is that the latter involves non-supersymmetric intermediate theories for which (beyond one loop) use of DRED rather than DREG is problematic [8] . This choice, means, of course, that the input values of α 1→3 are sensitive to our assumptions about the sparticle spectrum. We have corrected for this at one-loop using Ref. [7] ; of course we should use two-loop corrections for consistency, as we should, for example, in converting the running m t to the pole m t . These calculations remain to be done however; there exists a result for the two-loop gluon contribution to m pole t but this is in DREG not DRED. We do not impose trinification of the gauge couplings; as is well known this leads to somewhat high values of α 3 (M Z ); for a discussion and references see Ref. [9] . Instead we input α 3 and define unification to be where α 1 and α 2 meet. Our In Figure 2 we plot tan β against m t assuming trinification (y t = y b = y τ ) at M G .
As anticipated, the three loop corrections counteract (to some extent) the two loop ones.
Their effect, while small, is not completely negligible. (In comparing with, for example Fig. 1 of Ref. [11] , it is important to note that there they have taken the sparticle masses to be at M Z .) As another example, consider the low tan β region. In Figure 3 we plot m has been noted by a number of authors; for an early example see Ref. [5] .) The result for m pole b is quite sensitive to the input value of α 3 (and hence to the sparticle spectrum).
In conclusion: detailed running coupling analyses for the dimensionless SSM couplings have been performed by a number of groups; we have not here duplicated in full these efforts, but instead investigated the effect on them of the three loop β-functions. We have seen that the corrections are small; nevertheless it is possible that one day they will play a part in a very accurate comparison between the SSM and experiment.
